Background Urine proteins may help in understanding physiology and diagnosing disease in premature infants. Determining how urine proteins vary by degree of prematurity, sex, and postnatal day is warranted.
Introduction
The evaluation of urine protein can provide insight into the pathophysiology and diagnosis of disease. We and others have recently shown that urine biomarkers can not only predict acute kidney injury (AKI) but also mortality in premature and near-term/term infants [1, 2] . Recently, numerous studies on urine AKI biomarkers, including neutrophil gelatinaseassociated lipocalin (NGAL), cystatin C, and kidney injury molecule-1 (KIM-1), and many others have shown promise in the ability to detect AKI in many critically ill populations [3] [4] [5] [6] . These and other markers can also predict hard clinical outcomes such as mortality and could serve to improve our understanding of important pathobiological pathways. AKI is associated with reduced survival and poor outcomes in neonatal and pediatric populations [7] [8] [9] ; yet its diagnosis is challenging, as current traditional biomarkers such as serum creatinine (SCr), blood urea nitrogen (BUN), or urine output determine changes in renal function (not damage), and therefore are later indicators of kidney insult and are not specific for renal damage [8, 10, 11] . Interpretations of SCr changes in neonates are further complicated as the initial SCr reflects maternal SCr, which decreases over the first weeks of life, and inversely related to the degree of immaturity [12] .
For any biomarker, the parameters which impact serum or urine concentrations are important to understand before applying their use to predict clinical outcomes. In premature infants, we and others have shown that values for urine biomarkers significantly vary by gestational age (GA) [12] . This is likely due to abnormalities in tubular function present in premature infants. Similarly, sex differences affect NGAL levels in premature infants [12, 13] and other cohorts [14] . Insight about how urine biomarker concentrations change in the first few days of life across gestational age categories and sex are critical in making proper inferences about the pathophysiology and diagnosis of AKI, and potentially other clinical outcomes.
In order to study the variability and association among 14 urine biomarkers with gestational age, sex, and postnatal age, we performed a prospective cohort study on 81 premature infants without AKI. We hypothesize that different urine biomarkers have decreasing/increasing trends over time after birth, and differ by GA and sex. To answer our hypotheses, we assessed the independent correlation of 14 biomarkers with GA, sex, and age, after controlling for these variables and their interactions.
Study population and methods

Study population
Very low birth weight (VLBW) infants with birth weight (BW) ≤ 1200 g and/or ≤31 weeks gestational age admitted to the regional NICU at the University of Alabama at Birmingham (UAB) between February 2012 and June 2013 were enrolled in this prospective cohort study. Newborns were excluded if they had had congenital kidney disease, developed AKI in the first 2 weeks after birth, or if they did not survive beyond the first 48 h of life. The study was approved by the UAB Institutional Review Board, informed parental consent was obtained, and LBW infants eligible for the study were enrolled. The clinical and research activities being reported are consistent with the principles of the Declaration of Helsinki.
For each enrolled infant, infant demographics (i.e., birth weight, GA, sex, race, Apgar scores at 1 and 5 min), and maternal demographics (i.e., diabetes, hypertension, smoking, prenatal care, and parity) were collected. Race was defined as black, white, and other. GA was categorized as <26, 26-27, 28-29, and ≥30 weeks. In order to ascertain whether a child developed AKI within the first 2 weeks of life, we measured SCr at postnatal days 1, 2, 3, 4, and 12-14 on most infants, in addition to any clinically measured values. The mean number of SCr values obtained for each patient during the first 2 weeks of life was 5 (range, [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Neonatal AKI was defined according to the contemporary definition modified for neonates, similar to Kidney Disease: Improving Global Outcomes (KDIGO) AKI definition by which a SCr rise by≥ 0.3 mg/dl from baseline defines AKI. The lowest previous SCr serves as the baseline for each SCr measurement. The reason that each SCr has a unique baseline level is because on postnatal day 1 SCr reflects maternal creatinine, which decreases steadily over the first weeks of life [1, 2] .
Biomarker analysis
Urine was collected daily during the first 4 days of life using BCuddleBuns^diapers (Small Beginnings, Hesperia, CA, USA) placed at the perineum. The moist part of the diaper was cut out and placed in a syringe. Urine was squeezed into a centrifuge tube using the syringe plunger and centrifuged for 10 min to separate urine. The supernatant was aliquoted and frozen at −70°C until the evaluation. Urine biomarker analysis was performed on multi-array plates by electrochemiluminescence using the Sector Image 2400 (Meso Scale Discovery (MSD); Gaithersburg, MD). Albumin, beta-2-microglobulin (B2M), cystatin C, epithelial growth factor (EGF), NGAL, osteopontin (OPN), and uromodulin (UMOD) were measured in urine with the MSD Human Kidney Injury Panel 5 Kit assay. Alpha glutathione Stransferase (αGST), calbindin, clusterin, KIM-1, osteoactivin, trefoil factor 3 (TFF3), and vascular endothelial growth factor (VEGF) were measured with the MSD Human Kidney Injury Panel 3 Kit Assay. The samples in panel 3 were diluted tenfold before being added to the plate. The samples in panel 5 were diluted 500-fold before being added to the plate. Samples were added to plates and prepared as stated in the manufacturer's protocol and analyzed on a SECTOR Imager. All samples were run in duplicate. All analytes detected in the samples were in the range of the standard curve. The inter-run %CV (coefficient of variance) and intra-run %CV, the variability of samples and standards between and in runs, was below 10 % in all cases, and below 5 % in most sample/ standard comparisons.
Statistical analysis
Raw biomarker concentrations were recorded as pg/ml and reported as ng/ml after appropriate unit conversions. These values were corrected for urine creatinine (UCr) concentrations to account for the variability in urine dilution. To report biomarker differences by gestational age (unadjusted by day of life), samples from all 4 days were averaged. Shapiro-Wilk test and normal probability plot were used to test for normality of data. Kruskal-Wallis test was used to examine the differences for non-normal data.
When conducting models to describe the impact of postnatal age on biomarker values, we normalized the data using the natural logarithm (ln). A random-effects mixed-model was used to examine whether the variance and mean of the biomarkers of interest was dependent on day of life, sex, and gestational age. In the mixed-model analysis, unconditional means model was used to calculate the intraclass correlation coefficient (ICC) in order to determine the proportion of biomarker variance (i.e., due to differences in levels by individual). To examine between-and within-person effects, a linear growth model was used to calculate the proportion of variance (POV) explained for both between and within-person variance. In addition, the effects of gender and GA on mean values of biomarkers were estimated adjusting for day of life (DOL) and the other variable (i.e., the full model). In order to understand the potential confounding effects of gender and GA on the variance by which day affects biomarker level, and also to evaluate their predictive impact on biomarker level, we added GA and gender to the linear growth model with DOL and intercept as the random effect. The proportion of variance explained between-person (POV b ) for GA and gender is the proportion of the explainable variation in biomarker level that can be explained by each predictor after being added to the linear growth model; the associated p value corresponds to the slope of the mean biomarker level by either parameter. A p value for fixed effects < 0.05 was considered statistically significant. SAS 9.4 software (SAS Institute Inc., Cary, NC, USA) was used to perform all statistical analyses.
Results
The incidence rate of AKI was 30/111 (27 %). We report data for only the 81 infants without AKI. Maternal and infant demographics for the 81 neonates without AKI are shown in Table 1 . Biomarker concentrations (averaged over the first 4 days of life) were significantly different across gestational age categories for albumin, cystatin C, EGF, NGAL, UMOD, and osteoactivin (Table 2) . After adjusting for urine creatinine, albumin, cystatin C, NGAL, OPN, and TFF3 were significantly different across gestational age categories (Table 3) .
The independent associations of biomarkers with sex, GA, and postnatal age (natural log transformed and corrected for urine creatinine) are shown in Table 4 . NGAL and VEGF showed statistically significant associations for sex, GA, and postnatal age (p<0.05). Cystatin C, OPN, and TFF3 were associated with postnatal age and GA (all p<0.05), but not sex. EGF and UMOD were associated with GA only (p<0.05). Clusterin was associated with postnatal age and sex p<0.05. Albumin was significantly associated with sex only (p<0.05). B2M, osteoactivin, KIM1, and αGST were associated with postnatal age only (p<0.05). Calbindin was not associated with GA, postnatal age, or sex. It should be noted that there were no significant interactions between GA, sex, and day of life (DOL) (data not shown). To illustrate these relationships, Fig. 1 demonstrates ln NGAL over the first 4 days of life by GA. Figure 2 shows ln NGAL over time by sex.
The between-and within-person variance of the biomarker levels differed among biomarkers. Those with an ICC close to 1 suggest high between-person variance, i.e., cystatin C (ICC=0.68), NGAL (ICC=0.73), and TFF3 (ICC=0.63).
Discussion
This prospective cohort study provides reference values for 14 candidate urine biomarkers of kidney damage in a sample population of premature infants without AKI. We provide data that suggest that most biomarkers evaluated vary by gestational age and postnatal age, and that sex impacts reference values of albumin, NGAL, clusterin, and VEGF, but not other studied biomarkers. These findings will be essential in future studies of urine biomarkers' ability to predict AKI and other clinical outcomes in premature infants.
We also report normative ranges for 14 candidate urine biomarkers and urine biomarkers (corrected by urine creatinine) in premature infants without AKI. We report the, 2.5, 25, median, 75 and 97.5 percentiles for each biomarker according to gestational age categories. This data will be useful as a reference range for infants without AKI. Importantly, these reference values must be taken in context of several factors. First, the cohort had predefined inclusion criteria and more importantly the way we excluded those infants with 4.52×10 populations [15] [16] [17] [18] [19] [20] . Lavery et al. [21] reported that NGAL has a negative association with birth weight, which could be regarded a proxy for gestational age and in accordance with our results; however they did not find such association with DOL. This is likely due to the small sample size in their study (n=20). A study by Huynh et al. [13] investigated urine NGAL measured between days 4 and 30 of life in premature infants in whom the likelihood of AKI was low, as they only measured urine in VLBW infants with uncomplicated courses. They found relatively lower overall levels of NGAL, which may reflect tubular maturity, and thus less urine NGAL. Our study corroborated their findings that NGAL concentrations are higher in female premature infants and decrease with higher gestational age and higher postnatal age. In a study of 48 premature infants, Genc et al. [19] concluded that there is no association between urinary KIM-1 level and either GA or sex and we can confirm their findings in our study of premature infants. These data corroborated our previous work [12] where we show that NGAL, cystatin C, KIM-1, OPN, and B2M were inversely correlation with GA, and female sex was associated with higher NGAL. After excluding newborns with AKI in current study, the correlation of GA with KIM-1 and B2M is diminished (data not shown). The strength of this study includes the comprehensive analysis of 14 potential candidate kidney injury biomarkers, and exclusion of infants who had AKI, using contemporary definitions, and a large number of SCr values. We chose to analyze the 14 urine biomarker values as we were aiming to expand our knowledge of urine biomarkers in premature infants using the same technology/procedures we have done previously. Thus, we used the 7-plex mesoscale Acute Kidney Injury Kit 3. In addition, because we wanted to explore the role of KIM-1 in this cohort, and we wanted to maintain similar procedures, we added the Acute Kidney Injury Kit 5. Doing the entire panel that had already been validated by the Mesoscale was the most efficient and effective way to perform the studies. We had adequate sample size to understand the biological pattern of change in the first postnatal days, and the modifying factors of GA, sex, and the interaction of all three variables. Additionally, we measured ICC and POV, which indicate how much variability exists in biomarker concentrations and how much of that variability can be explained by GA, sex, and postnatal age. However, we acknowledge the limitations in our study: not all infants had urine samples collected for all 4 days, which could potentially decrease the accuracy of predictions. No differences in demographic characteristics were evident in the number of urine samples assessed, and thus we do not have any reason to believe that those individuals with missing values were systematically different to introduce bias. We also acknowledge that not all of the variability can be accounted for by the variables which we explored, as suggested by POVs. Hence, other variables and confounding effects (besides GA, sex, and postnatal age) could impact baseline biomarker levels in premature infants. Considering our sample size, we could not include other potential modifying parameters in our study. It is important to bear in mind that these results reflect the characteristics of premature infants without AKI, and a comparative evaluation of these characteristics in AKI patients is essential before any interpretation.
In conclusion, in this patient population, postnatal age affects B2M, cystatin C, NGAL, OPN, clusterin, Kim-1, osteoactivin, TFF3, VEGF, and αGST; gestational age affects, cystatin C, EGF, NGAL, OPN, UMOD, TFF3, and VEGF; sex impacts albumin, NGAL, clusterin, and VEGF. It is necessary to account for these associations and variations when designing studies to investigate the diagnostic role of urinary biomarkers and clinical outcomes, and when using urine proteins to understand the pathophysiology of disease. Larger cohorts are needed to facilitate the exploration of more parameters that could potentially impact these biomarkers in VLBW infants. 
